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Wisyalse threads. Tihread vs. fork().
_)d:lCHOL:{ and Race Conditions

NErmelthreads vs. user threads. This is important in Linux 2.6+
"errwl“"vv thiNPTL.

SESIC hread concepts and functions: thread creation, thread join,
= mutex, conditions, attributes.

..—_~—4—__:-- ‘[fwoen’t go into details of attributes.

f"";"-Seme examples. | have trimmed some of the examples to fit into the
_ _presentation

: "« References

* ['ll post the presentation and examples on the BLU web
site by early next week.
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WigaiNsta thread ﬁ

RgEneral; arthread IS'a separate context
siexecution that runs within a single
progre am.

_Q.E en, What is a process?

__- =

'—'A process IS a separate context of execution

:‘- ~ with respect to the host operating system.
When you run a program, it runs as a
separate process.
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Trieg J‘,. Whe t-is:ﬂﬁfiffefeﬂﬁ

ANIOCESSINAS ItS own memory and other
Zuiibutes that make it independent.

AR ead is a part of an existing program. It
£ shiares its memory with the rest of the

__- =

=== 'rogram and runs within the priority of the
- program.
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AvlinlreEl -may be termed as a “light welght
r)roeei . Since the OS does not need to
~1Hor~° ememory and the other things it
= does withia process, starting a thread is
:-“’é eaper, and faster. A thread is like a
sports car In comparison to a process
which Is a truck.

'h_"- r
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EEEnman

ASHImentioned earlier, thread creation'is

SIEAPEN than creating a process.

ckag Real Time |User Time | >YStem
= Time
'Eork() 9.555 0.938 8.521
L.inux
= 1.678 1.003 0.535
NPTL 1.648 0.984 0.574
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ASHNnentioned earlier, thread' management
ieEsiUp fewer system resources than does
PIOCESS ‘management.

— Al eFéaded application that abides by the POSIX
= = standard is more portable between Linux and

_-ll—

= ,_‘_rUnlx as well as to other operating systems.

e« Many things we do in programming can be done
better concurrently. Note that almost all web
browsers use threads.




What threac | packages are -
gvenaples =

ANIUImEr off different thread' implementations
rmve PEEN Used on Linux, but the most common
SENEOSIX |mplementatlon called LinuxThreads.

Wlt"" e arrival of the 2.6 kernel we also have
16 Native POSIX Thread Library (NPTL). This
:;-;_,_ Qdel performs better than the old LinuxThreads
== model and is more POSIX compliant.

-« Most commercial Unix systems have either a
POSIX compliant thread package, or a
proprietary package, like Sun's LWP.




WEtis @ Deadiock e

ANdEadIoek IS Wien twoe or more threads ini your
pregNam are blocked frem gaining access to a
IESOUI ce. Ihe following example is a

el Ifi zation of Djikstra’s Dining Philosophers.

e = Johniand David are at a table each with a bowl of
e "spaghettl One must have both a fork and a spoon to

.--'"

:"*_—-r - eat, but there is only one fork and one spoon. They
- must only take a single utensil at a time.

— John takes the fork and David takes the spoon. Now,
neither of them can eat unless we change the rules or
they cheat.
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OWdE we prevent dgaﬂl&:s;

Jiiererare several'ways to prevent deadlocks. One way'is to
define the order by which alresource is acquired. In our little John
ziflel BJz)Y/fel example let’'s add a rule that one must take the fork
lrsi, = -
John akes the fork before David can get it.
> John can then take the spoon.
- John eats
— John puts down the utensils, first the spoon, then the fork.
— — DaV|d takes the fork
~ 6. Then he takes the spoon
= 7. Then he gets angry and starts a food fight.
8. He then puts down the utensils.

— The above method is one of the more common methods.
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AVECe condition eccurs When multiple threads

Jeeess and manipulate the same data

CONC rrently, and the outcome of the execution

idepends on the particular order in which the
S Acceess takes place.

"~ _ Take 2 threads john and David), each want to

-i-‘-"_
-

= ._T'r_" Increment the value of a number which starts as 1.
1. John and David both load the value, 1 at the same time.
2. John and David increment the value.

3. John and David store the value simultaneously.

4. The result is 2!, but it should be 3.

-
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o) 5502 rm._, race condition we introduce a lock. In POSIX
irifezlels) rr s called'a MUTEX, or a Mutual Exclusion Primitive.

1. John flf ‘David both try to lock the number, but John acquires the
eekirst, David waits.

John | _ads the number.
Jc A increments it to 2.

— ,ohﬁstores it.

2 John unlocks it.

— - David now loads it.

_i_J - David then increments it to 3.
8 David stores it.

- 9. David releases the lock.
10. The number is now 3.

= -
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—

-
=
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NETNEIVS. User Th readsf* —

HEre are 5 hasic threading models:

S
iUSerthreads. Each thread is managed and
dispatched! in user space. The kernel does not get
olved
: _;/H =5 ernel Threads. In this case, the kernel manages
?-.-"E "-'— ‘each of the threads. Both LinuxThreads and NPTL

—--—-

~ use this model (called 1-on-1).

—

~ 3. Combination. The thread package uses the benefits

- of each. Most commercial Unix thread packages
use this model (called M-on-N). This requires a
great deal of additional support in the kernel.

-

W
-
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d=saie’ means that a function may be
enRceurrently by many threads
it destructive results.

ome standard C library calls are not
ﬁreadsafe because they may contain a static
*—_;fﬂ variable. For instance, the ctime(3) function

- returns a buffer containing the formatted time.
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g 'mree_i.c 'saie.exampl

e ellowing function Is not thread safe:

SHEIRIOLSAIE()! '.”.'
{

Static che rfoo[128]
/S popUla te foo */
rd_u:p

— -'.——-

el‘lowmg modification makes it threadsafe.

rea'dsafe(char *foo, size_t foosize)

_;—
=—e_—| -
e — T
= .--""
-r‘."_"'“.- -’—f:l_'h
_‘__—

":{

- —

— /* populate foo */
- return foo;

= - : }
The reason why the second function is threadsafe is that the calling thread passes
the buffer into the function.
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NC e variable, errno, Isa global
Veriable set by library functions and
System calls. This is a bad thing for
_ __*g cads since it makes those functions

_-_--
il =

_-.:---"v 0 set it not thread safe.

.-.-"-_
— o —

'h_"

— In threads, each thread gets its own errno
thus preventing library functions from side
affecting other threads.




BEiore N present the basic thread API, I'think it 1S
IIPOIERE tordefine a few more concepts:
AStiiread object is the running thread.

: r\; Jutex is'a mutual exclusion primitive, similar in

~ CC ncept to a semaphore.

: - = =~ An attribute is attached to either a thread or mutex,
_.__«—'ﬁ_-'f_:f ~ and does things like making the thread eltherjomable
- ordetached. Or a mutex recursive.

— A condition is an object where a thread waits until it
recelves a signal or a timeout.
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Viestitinctions returm 0fon sucecess and an
Sffo)f & C}° 'on unsuccessful return. These
il mg_t o) s ‘do not set errno.



SENETE

fTrr@@'API 4nf@ﬂa‘afr on"

VISt flinctions return 0'on success and an
Sercode on unsuccessful return. These
fiiiclions do not set errno.

| Rouiine Prefis ruriciiorizl Groug

=

=

Threads themselves and

| pthread ; :
: =S miscellaneous subroutines

= Ehread_attr_ Thread attributes objects

pthread _mutex Mutexes
pthread _mutexattr Mutex attributes objects
pthread cond_ Conditions

pthread condattr_ Condition attributes objects




SIETNG a threads

Iyieiiread. create(pthread
preaeiatie t attr,
volel “(=seeige] utlne)(v0|d ),
vaje) @ ~1U),_. =

iread s, pointer to the thread object to be created.

' fm is the thread attribute (or NULL for the default attribute).
_ _;- @st:of"tﬁe time, you will not set an attribute. One attribute you might set is
;' = ..:-—-"= et achst at e. The default for a thread is | oi nabl e. A | oi nabl e thread

___,'.._——— “remains in memory.until joined. A det ached thread resources are freed when
" the thread exits.

—

—— —

—— start_routine is the function where you want to start the thread. It's argument is a
- pointer, and it returns a pointer. The return value is only relevant for the
pthread_join() function.

— arg is a pointer to an argument. You can cast an integer and pass that directly if
you want.
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T2l g-g@_rﬁad

yeuicaniterminate a threaafin a few ways.
i eaain eturns fromiits start _routi ne.

ead calls pt hread exit ().

read is cancelled by a pt hr ead_cancel () call.
: e entlre process Is terminated.

=r:-:_:—ﬁ=

~* Vol d pthread exit(void *retval);
- — Exits the thread and returns a value to its creator.



Jomm_ thr-_e@_g_f

only Way/ 1o get the systen o release the resources
birediby: creating a joinable thread is to join them.
ihea ijoin(pthread_t th,
\/Q] J: *thread_return);
-~ — The calling thread is blocked while waiting for thread, t h, to
e omplete.

_-.-l-_—_-__..- —

—,——

-'-'-="_":" — If thread_return is not NULL, the return value of t h is stored in

~ — the location pointed to by thread_return. The return value of t h
- IS either the argument it gave to pthread_exit(3), or

PTHREAD_ CANCELED if t h was cancelled. It expects that the

returnivalue isa (voi d *). See the following example.
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ad Exmplest 6 2
mr)le 'gc =xamples

JE—

HREADS 5

2 :‘:" *threadnum)

_ -_E-_.:-u %d\n", (int)threadnum);
ead_exit(threadnum); /* return thread number */

— _-_
T —

——

=

1
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nar *argv[])

or each thread */

2ds[NUM_THREADS];
R tv, -
UM_THREADS;t++){
ating thread %d\n", t + 1);

read_create(&threadsft], NULL, PrintThread, (void *)(t + 1));
i =i rintf(stderr, "pthread_create() is %s\n", strerror(rc));

A1)

_-.-l-_—_-__..- —

=
'—:"-_ —JLThreads are joinable release the resources. */
fo_r(t =0;t < NUM_THREADS;t++)
= rc = pthread_join(threads]t], NULL);
if (rc){ fprintf(stderr, "pthread_exit() is %s\n", strerror(rc)); exit(-1); }
else printf("Thread %d joined and returned %d\n", t+1, (int)tv);
}

return O;

}




e race condition definition, we
ave some kind of locking device.

Calls them MUTEX (Mutual Exclu3|on)

e = A recursive mutex may be locked multiple times by the
~~~  owner.
= * A error checking mutex causes a lock to return if it would
block.
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Vi reation and JGiMM

IENE are tWo Ways to create and
Ritialize a mutex

Statically by using the built-in initialization

: ':. nstants.
- pthread nutex t fastnutex = PTHREAD MUTEX | NI Tl ALI ZER;

Dynamlcally by calling pthread mutex_init.

— = -__d__.,_ — pthread nutex t anutex;
e rc = pthread_ nut ex _init(&nutex, NULL);
= Note that the second parameter is an attribute. You can create an attribute that sets
the mutex up as recursive or error checking. Fast is the default.
— int pthread nutex destroy(pthread nutex t *nutex);

This destroys the mutex.
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Pel

IIENeliowing/functions arerused to lock and

RiGekia mutex.

MR pthread_nut ex | ock( pt hread _nutex_t *nut ex) ;

r\rmmr ‘to lock a mutex. If the mutex is already locked, the calling

rmr—»c d blocks. If the mutex is a recursive mutex, and the calling

P ~_m ead is the owner (currently holds the lock) this does not block).

-rﬁ pt hread nut ex _unl ock(pt hread nutex t *nutex);

f“ ' *Unlocks the mutex.

~ . Int pthread nutex tryl ock(pthread nutex t *nutex);

Allows a thread to see if a mutex is locked. If it is not locked then the
calling thread acquires the mutex, if it is locked by another thread it

returns EBUSY.
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, u’tex%-ple-ﬂ

OYEES 2 " /* size of each array. ¥/
program. assignment initializes it */
utex = PTHREAD_MUTEX_INITIALIZER;

_____

[* global variable - our employees array, with 2 employees */
struct employee employees]] = {

{1, 12345678, "danny", "cohen", "Accounting", 101},

{2, 87654321, "moshe", "levy", "Programmers”, 202}
5
/* global variable - employee of the day. */
struct employee employee of the day;
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utexsExample

ntain mutex lock/unlock results */
tex, , to assure exclusive access to 'a' and 'b'. */
nutex_lock(&a_mutex);

r = from->number;

rom-> |d

i0->first_name, from->first_name);
py| ->Ia_$t name, from->last_name);
Py ->department from->department);
';- ->| om number = from->room_number;
_.-.-.#5_' /‘“tmlock mutex */

T : = pthread_mutex_unlock(&a_mutex);
/* function to be executed by the variable setting threads thread */
- void*do_loop(void* data)

{

int my_num = *((int*)data); /* thread identifying number */
while (1) {
[* set employee of the day to be the one with number 'my_num'. */
copy._employee(&employees[my_num-1], &employee_of the day);
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| mexwele
00 ram, program'’s execution begins in main */

[r—

~ [* loop counter =]

1;  /*thread ID for the first new thread */

- [* thread ID for the second new thread */

read1 [* first thread's structure ]

: -;: P thread2 I* second thread's structure */
L m1  =1; /* thread 1 employee number *

p—— IR 4_—___. um2  =2; /* thread 2 employee number */

_J.._.—-_;-::A«*.fr employee eotd; /* local copy of 'employee of the day'. */

_..._ -"rsiruct employee worker; /* pointer to currently checked employee */

- /* inltlallze employee of the day to first 1. */

copy_employee(&employees[0], &employee of the day);

—

/* create a new thread that will execute 'do_loop()' with 1" */
thr_id1 = pthread create(&p_thread1, NULL, do_loop, (void*)&nhum1);
[* create a second thread that will execute 'do_loop()' with '2" */
thr_id2 = pthread_create(&p_thread2, NULL, do_loop, (void*)&num2);
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<60000; i++) {
cq?ptents of 'employee of the day' to local 'worker'. */
2mployee(&employee_of_the_day, &eotd);

vorker = &employees[eotd.number-1];

= /* con \pare employees */

__Jf (eotd.id !'= worker->id) {
~ printf("mismatching 'id' , %d != %d (loop '%d")\n",
—_— eotd.id, worker->id, i);

— -
= "'--—_._ .
—_—

P —
— 4
—

—

T-.--"
—

—— exit(0);
— :"~‘:_ = }
— if (strcmp(eotd.first_name, worker->first_ name) != 0) {

= - printf("mismatching 'first_name', %s != %s (loop '%d')\n",
eotd.first_name, worker->first_name, i);

1l

exit(0);
}
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?1 \ mfex-%fle ¢

ONTO QT - - a¥=laal~ = 1)) .

eotd.last_ name, worker->last_name, i);

rcmp(eotd.department, worker->department) != 0) {
lntf("mlsmatchlng ‘department’ , %s != %s (loop '%d')\n",
eotd.department, worker->department, i);

~ if (eotd.room_number != worker->room_number) {

e printf("mismatching 'room_number' , %d !'= %d (loop '%d")\n",
e eotd.room_number, worker->room_number, i);
= exit(0);
E - e }
}
printf("Glory, employees contents was always consistent\n");
return O;

}
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Conleljile

ARCENEINON IS a synechronization device that
gliBWSithneads to suspend execution and

rélmql IShithe processors until some predicate

plirsiiared data is satisfied.

_-_-_,; ‘Il essence a thread acquires a mutex, then waits on
= aicondition until it receives a signal or a timeout. The
"~ mutex is automatically released while the thread is

_':b"—':.'waiting, and then reacquired before it returns from the
- condition.

— Another thread may signal a condition by waking up
one or all of the threads.



sondition ARIs,

pirezeicond” eond = PTHREAD COND! INITIALIZERS

J

Sregieraisiaticicondition (similar to mutex)
RiApUEZEN CONa nl_t(pthread_cond_t *cond, pthread_condattr_t *cond_attr);
iiglizesrardynamically created condition.

RispIEaE G 1('-ieétroy(pthread_cond_t *cond);

Desifoeelakly ically: created condition.

I£JE ornr:faal nd _wait(pthread_cond_t *cond, pthread _mutex_t *mutex);
VVaiton g c—;Dndi’uon for a signal to occur.

e

— _.,__mwa ead - cond_timedwait(pthread _cond_t *cond, pthread _mutex_t *mutex, const
. striict timespec *abstime);
_:{_'::___;_ = 'Wj:ut on.arcondition for a signal or a timeout to occur.

-~ * - int'pthread_cond_signal(pthread_cond_t *cond);
Signals the condition to release ONE thread.

= * int pthread _cond broadcast(pthread cond_t *cond);
Signal the condition to release All threads that may be waiting.

* Note that pthread cond_wait and pthread_cond_timedwait are cancellation points.

=
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Trl oJJr- Wing example takes several arguments,

-

speciiically; aninput file, an output file, the
mumor» of servers and the number of clients.

;3 srver reads the input file and places each line

= 0n a queue, and wakes up a client.

"‘--""

== *A cllent then grabs a line from the queue, and

_' ‘writes it to the output file.
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r Jeue Ie-'l
<peah>w

_:h"o
unistd.h>
<fcntl.h>
 <errno.h>
clude <string.h>
f“_;c  <sys/types.h>

ﬁmde <sys/times.h>

finclude <sys/wait.h>

mcjude <assert.h>

- #include <ctype.h>

~ char *strdup(const char *);

#if defined (PTHREAD THREADS MAX)

# define MAXTHREADS PTHREAD_THREADS_MAX

#else

# define MAXTHREADS 100

#endif

#define WAIT_TIME 2 /* 2 seconds default */
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Qlie e%Ie

k% *** k% () UEU ® NE %n.s ﬂ_*.*ﬂ*****************/

A

*ne; t

def s truct lqueue {

— LLIS _{%ad *tail;
= ead mutex_t mut;
e “'fhread ~cond_t cond;
e el

— ~volatile int count;
—_— _ “int wait_time; /* Number of seconds to wait on queue */
e SO EUE;
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dueue *

/ = malloc(sizeof(LQUEUE));

new->tail = NULL;
ad_mutex_init(&new->mut, NULL);

réa_d_cond_init(&new->cond, NULL);

—  rv=pthr
- ()
~ pthread_mutex_destroy(&new->mut);
e
e . fTeE(NEW);
= ~ return NULL;

p—— |
new->count = 0;
new->wait_time = wait_time;

}

return new;

}

i
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QuUEeueexample

_4C ) /N E

e

faY

L) | J OV -

|
[* Assumes that queue is empty */

‘void QueueDestroy(LQUEUE *queue)
- pthread_mutex_destroy(&queue->mut);
~ pthread_cond_destroy(&queue->cond);
free(queue);
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QUIE e-@@male

B eue Always signal when adding data */

1iewlist = malloc(sizeof(LLIST));
== NULL)
->next = NULL;
newlist->data = data;

- pthread_mutex_lock(&queue->mut); /* Acquire the queue */
= -(queue ->count == 0) {

-—_-._

~  queue->head = queue->tail = newlist;

~ Yelse{
- queue->tail->next = newlist;
~—_ queue->tail = newlist;

queue->count++;

/* Release the queue and notify clients */
pthread _mutex_unlock(&queue->mut);
pthread cond_signal(&queue->cond);
return O;
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Quer
G moveDataFemm I?

1ction is used to simj remove data fro

DataFromQueue(LQUEUE *queue)

i

i

T *this;

“"data = NULL,

read _mutex_lock(&queue->mut);
f (queue->count > 0) {

= queue->head;
(queue->count) <= 0) {

this
e ——
- (--

~ queue->head = queue->tail = NULL,;

- else{
-~ queue->head = this->next;

— }
- = data = this->data;
- : free(this);
}

pthread_mutex_unlock(&queue->mut);
return data;

}
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RemoveDataFromQueueN

, moveDataFromQueueNoIock(LQUEUE *queue)
L

IS *thls
id _data NULL,;
= '- (queue->count > 0) {
- ~ this = queue->head;

—rf(--(queue >count) <= 0) {
- gueue->head = queue->tail = NULL;
=~—=—2glse {
queue->head = this->next;
S )
: data = this->data;
e free(this);

}

return data;

}
/************** END OF QU EUE OPERATIONS *******************/
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*kkkkkkkk General data **************** |

R

t verbose;

;  ["value | return */

-"_< EUE *queue; /* My queue */

for servers, name of input file, for clients, pointer to
“~* OFTYPE.

Bt —
—fe

~ void *file;
B ARG:
~ typedef struct {
- char *filename;
pthread mutex_t mut;

= e } OFTYPE;

e — OFTYPE ofile ={

e NULL, PTHREAD MUTEX INITIALIZER

- ' }’

/*********************** Global Data ***************************/

/* RunFlag:When zero, tells threads to quit.
* Does not need to be protected by mutex */
static volatile RunFlag = 1;

TARG threads|]MAXTHREADS];



C)L cue

t IsSWS(char *

(s && isspace(*s)) ++s;
turn (*s == "0");

Thi can side affect ibuf */
“char *tdup(char *ibuf)

—_

:Ehar Sp;

= - I* move to first non white */

'_ ~ while(*ibuf && isspace(*ibuf))

= Ttibuf;

—— - if (*ibuf =="\0")

— return NULL;

= : sp = ibuf + strlen(ibuf) -1; /* point to last char of string */
[* decrement sp until it points to last non-white */
while(isspace(*sp)) --sp;
sp[1] =05
return strdup(ibuf);
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oerver.:

O INPUtL 1he urntti endad oOf I

> vVer(volo

1 =
G *targ = argp;
ifile;
ruct timespec abstime;
char buf[256], *data;
nt rv, added = O;
E(targ >file == NULL) {
o _ﬁprlntf(stderr "S%03X:No file name\n", targ->tnum);
= targ->rv = -1,
= pthread_exit(targ);
— = }
g if (targ->queue == NULL) {
- ' fprintf(stderr, "S%03X:No queue\n", targ->tnum);
targ->rv = -1;
pthread_exit(targ);

}
if (targ->verbose) fprintf(stderr, "S%03X:running\n", targ->tnum);



-
ag

ta = tdup(buf); /* make a trimmed copy */
data == NULL) {

rintf(stderr, "S%03X:Unable to allocate:%s\n",
o targ->tnum,

e strerror(errno));

= farg->rv =-1;

=~ pthread_exit(targ);
— :_. = _}

e

= added++;

— AddDatatoQueue(data, targ->queue);
— = rv = pthread _cond_signal(&targ->queue->cond);
e e (V) {

fprintf(stderr, "S%03X:Error on cond signal:%s\n",
targ->tnum, strerror(rv));
}

}

fclose(ifile);
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e

e,

Py -

ag && targ->queue->count > 0) {

sttimeo day((struct timeval*)&abstime, NULL); /* Recompute wait time */

bstime. tv_sec += targ->queue->wait_time; /* Time out after 10 seconds */
= t-*lrﬁ'e tv_nsec = 0;

a-;' w;—_ pthread cond_timedwait(&targ->queue->cond,

Ef—-:-:__"- ~_ — &targ->queue->mut,

—

-I"
o
n}
—

e

= ——

— &abstime);
= _if (rv && rv 1= ETIMEDOUT) {
— fprintf(stderr, "S%03X:Error on cond wait:%s\n",
targ->tnum, strerror(rv));

break;

}
}



T —
-*'

@ueue exar pie-ﬂ

p— =
.;ﬂﬂ"-] o->Mm t —

Mute) ]

cond_broadcast(&targ->queue->cond);
->verbose)
stderr "S%03X:Normal Exit, %d records queued\n",
_ _—— targ->tnum, added);

_ g->rv = 0;

~ pthread_exit(targ);
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guene example |
writes data to file, frees data = — -

R “‘ »

alss N ATA o void

-

(o )]0 n(OfiIe->ﬁ|ename, "a+");
== NULL) {

- tnum, ofile->filename, strerror(errno));

e

free(data);
eturn -1;

e
- TS

-
i
=

=
~ rv=pthread_mutex_lock(&ofile->mut);
- i)
o - fprintf(stderr, "C%O03X:Error on file mutex:%s\n",
— tnum, strerror(rv));
———— - free(data);
T R return -1;
: }
fprintf(fp, "C%03X:%s\n", thum, data);
fclose(fp);
pthread _mutex_unlock(&ofile->mut);
free(data);
return O;



ad_ t tid:
_:-t_élrg;
_ struct timespec abstime;
~ LQUEUE *queue;
~ void *data;
int processed = 0;
- int timedout = 0;
~ targ =(TARG *)argp;
-~ targ->rv =0;
queue = targ->queue;
if (targ->verbose)
i fprintf(stderr, "C%03X:running acquiring\n", targ->tnum);
rv = pthread_mutex_lock(&queue->mut);
if (rv) {
fprintf(stderr, "C%O03X:Error on mutex:%s\n",
targ->tnum, strerror(rv));
targ->rv = -1;
pthread_exit(targ);
}

i
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arg efbose)

e loop on the predicate. cond_timedwait can wakeup
* for other reasons

“while(RunFlag) {
/* Remove elements from queue */
- while (targ->queue->count > 0) {
- pthread cond_broadcast(&queue->cond);
- if ((data = RemoveDataFromQueueNolock(queue))) {
pthread mutex unlock(&queue->mut);
- /* allow another thread to run */

= pthread cond_signal(&queue->cond);
= ++processed;
process_data(targ->tnum, targ->file, data);
/* Reacquire lock for the cond wait */
pthread _mutex_lock(&queue->mut);
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e wait time *

5 arg->queue->wait_ * Time out after n seconds */
ec = 0;
k predicate before waiting */

9==0)¢

il
-

thread_cond_timedwait(&queue->cond,
&queue->mut,

ime;

—

-
=

V -

_,
= — '-—
— = —
— —

- - e
s B —

._ .-__;:-,;'— — &abstime);
—— if(rv 8& v 1= ETIMEDOUT) {
— :=--__::___ +pr|ntf(stderr "C%03X:Error on cond wait:%s\n",

N

— = targ->tnum, strerror(rv));
- ~ targ->rv = 0;
= ' break;
} else if (rv == ETIMEDOUT) {
rv =0;
timedout++;
}
}
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_sEderr, "C%03X:Successful completion, %d records, %d timeouts\n",
='.:_ targ->tnum, processed, timedout);

_;5:01 mtf(stderr "C%03X:Successful completion, %d records\n",

= targ->tnum, processed);

e

ﬁ-ﬂ = --}-"
_______ptl'rread eX|t(targ)
——— ,..:-};

-
=

=
—
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e*:-—

ige: %s -sn-cn[-v][-wn]input-file output-file where\n", iam);
-s\tNumber of servers (must be > 0)\n");

-c\tNumber of clients (must be > 0)\n");

"\t-w\tWait time for client queue\n");

ol
\ 4

“\t-v\tRun verbosely\n");
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Queuve exan pie-ZG

maln(lnt argc, char

ents = 0;
ers =0;

ifile = NULL;

it wait_time = WAIT_TIME;

oid *trv:

struct timespec abstime;

ﬂ" threads == number of child processes */
|n‘t nthreads = 0;

" LQUEUE * queue;
- pthread _t tid;

int thread_num = 0;
int rq;
int verbose = 0;
if (lam = strrchr(argv([0], '/'))
++iam;
else
iam = argv[0];
tid = pthread_self(); /* Get my threadid */
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hi (e-— getopt(argc, argv,

-

s = atoi(optarg); break;

_ = atoi(optarg); break;

2 =¥n it_time = atoi(optarg); break;
efault:

__E age(iam);

return -1,

> - — ,_-}
e if (optind < argc)
—— ifile = argv[optind++];

e if (optind < argc)
ofile.filename = argv[optind++];
if (ifle == NULL || ofile.flename == NULL) {
usage(iam);

}

i
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queue = CreateQueue(wait_ti

A< \VIA HR ADS
ervers <= 0 || clients <= 0) {
age(iam);

arn -1;

- [* Start clients */
. for(thread num=0;thread _num < clients;++thread_num) {

~ threads[thread_num].tnum = thread_num + 1;
threads[thread_num].verbose = verbose;

 threads|[thread num].queue = queue;

~ threads[thread_num].file = &ofile;

~ -~ __if(rv = pthread_create((pthread_t *)&threads[thread_num].tid,
e NULL, Client, (void *)&threads[thread_num])) {
fprintf(stderr, "Client thread %d create failed:%s\n",

- — thread_num+1, strerror(rv));

I* Set last good thread for join */

1l

RunFlag = 0;
pthread_cond_broadcast(&queue->cond);
break;
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* Start servers?@'

(A | --U

re s[thread num]j. verbose = verbose
Ireads[thread_num].queue = queue;
e— ds[thread num].file = ifile;
= pthread_create((pthread_t *)&threads|[thread num].tid,
NULL,
Server,
(void *)&threads[thread numy)) {
: . ~ fprintf(stderr, "Server thread %d create failed:%s\n",
s y thread_num-+1, strerror(rv));
e /* Set last good thread for join */
z RunFlag = 0;
- pthread cond_broadcast(&queue->cond);
break:
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(stderr, "%d servers, %d clients running\n",
~ servers, clients, thread_num);

\ ;It_fOI" join */

Oji<thread_num;i++) {

= _- / = pthread _join(threads]i].tid, &trv);
)

| -wfp_ﬂntf(stderr "Thread %d join failed:%s\n",
threadsJi].tid, strerror(rv));

— == }_else {
- = ((TARG *)trv)->rv;
- if(rv<0){
'—_'-_-—____‘.;‘_"'.'- fprintf(stderr, "Thread %d returned %d\n", threads]i].tnum, rv);

— } else if (verbose) {
- - fprintf(stderr, "join success on %d\n", threads[i].tnum);

}
}
}

QueueDestroy(queue);
return O;

}
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